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Abstract 
Hot-stamped high strength steel parts are widely used to achieve lightweight of automobile. However, mechanical properties of 
formed high strength steel parts are difficult to control and predict. In order to realize field nondestructive testing of hot forming 
high strength steel parts, magnetic Barkhausen noise which is sensitive to microstructure of ferromagnet was used. In the 
paper, magnetic Barkhausen noise signals of hot-stamped high strength steel strips with different hardness were measured and 
analyzed. A substantial correlation was found between magnetic Barkhausen noise and hardness (in range 220~450 HV). Then, 
frequency domain analysis based on autoregressive modeling was done to find out signal components which are dependent and 
independent to hardness of the hot-stamped high strength steel.  Independent signals can be eliminated based on the frequency 
analysis. Accordingly, the measurement accuracy can be improved for application in industrial field. 
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1. Introduction 
Hot-stamped high strength steels (high strength steel) have been introduced for automobile parts in order to 
reduce the weight of the body. As mechanical properties in or between parts may be different, it is necessary to 
know the mechanical properties of the formed high strength steel parts such as hardness and strength without any 
damage (Shi et al., 2011, Tian et al., 2012). magnetic Barkhausen noise is caused by discontinuous magnetic 
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domain wall movement under external magnetic field. The magnetic Barkhausen noise signal can be affected by 
phase, grain size, carbide precipitates, and dislocations and so on which are crucial factors for hardness (Turner et 
al., 2010, Guo et al., 2012, Inada et al., 2012, Lo, 2012, Batista et al., 2013). Meanwhile, due to the detection depth 
(within 1mm) of magnetic Barkhausen noise (Moorthy et al., 2003, Santa-aho et al., 2012), and the state of stress 
(zero residual stress) of hot-stamped parts, magnetic Barkhausen noise can naturally satisfy the requirement of 
nondestructive hardness measurement of hot-stamped high strength steel parts. 
Relation between hardness of ferromagnetic and magnetic Barkhausen noise has been reported in numerous 
literatures (Moorthy et al., 1997, Kim and Kwon, 2003, Blaow et al., 2005, Sorsa et al., 2012, Franco et al., 2013, 
Luo et al., 2013). Analysis of magnetic Barkhausen noise was commonly done in the time domain.  Peak values or 
root mean squares are used to characterize the power of magnetic Barkhausen noise. However, in this paper, the 
magnetic Barkhausen noise was mainly studied in frequency domain to find out the signal components which are 
dependent and independent to the hardness, in order to improve the measuring sensitivity and accuracy for hot-
stamped high strength steel parts.  
2. Experimental procedure 
2.1. Experimental setup 
 
In this study, a measurement system for magnetic Barkhausen noise has been developed as shown in Fig. 1. A 
sinusoid wave at a frequency of 10Hz is fed from a waveform generator to a power amplifier and then drives the 
electromagnet. The voltage between the two sides of the excitation coil is ±3V. The magnetic Barkhausen noise 
signal is picked up by a ferrite-cored search coil with 2000 turns of 0.11 mm diameter wire. The picked-up signal 
is then amplified to a gain of 26 dB and acquired by a 16-bit data acquisition card. The acquired signals are 
processed in computer program to obtain magnetic Barkhausen noise signal. 
 
 
Fig. 1. Block diagram of experimental system for magnetic Barkhausen noise measurement. 
 
2.2. Experimental specimen 
 
High strength steel strips with dimension 200×20×2 mm were chosen as specimens. The material composition 
of the high strength steel specimens is shown in Table.1. The specimens were heated to 850 °C and hold for 5 
minutes, then stamped by flat die with different temperature in order to obtain specimen with different hardness. 
The hardness of the specimens is shown in Table 2. For each specimen, the measurement of magnetic 
Barkhausen noise signal was repeated three times. Before measurement, the oxide layer was wiped out because 
of it is nonferromagnetic. As measurement based on magnetic Barkhausen noise is a comparative method, high 
strength steel with or without coating needs to be calibrated respectively.  
 
Table 1. Chemical composition for high strength steel specimen (wt.%). 
Material C Mn P S Si Mo Cr Al Ti B 
LG1500HS 0.23 0.95 0.010 0.002 0.17 0.21 0.24 0.030 0.023 0.019 
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Table 2. Hot stamped high strength steel specimens with different hardness. 
Hardness/HV 452.8 422.6 360.9 220.0 
Error/HV ±5.4 ±9.9 ±4.6 ±10.9 
 
2.3. Signal processing 
The measured signals were filtered by a high-pass digital filter (8 kHz) to remove the low frequency interference 
such as that coupled from the excitation coil. In the experiment, the signal acquisition lasted 10 seconds for each 
measurement. Fig. 2 shows a signal segment which was cut from the continuous signal. As shown in Fig. 2, the 
magnetic Barkhausen noise occurred as the excitation signal passed through the horizontal axis. The magnetic 
Barkhausen noise appears to be a spindle which is consisted by amount of high frequency signals components.  
 
 
Fig. 2. The magnetic Barkhausen noise signal and excitation sinusoid wave. 
 
In the time domain, the peak value of the magnetic Barkhausen noise was chosen to characterize its energy. An 
averaged peak value was computed by all the peaks in 10 second. 
In the frequency domain, the single-sided power spectral density of a time series based on autoregressive 
modeling according to Eq. (1). The power spectral density computed with this method is exempt from windows 
effects. 
S(݂) = ఙమ
ௗ௙ቚσ ௔ᇲୣ୶୮ (షೕమഏೖ೑೑ೞ
ಿషభ
ೖసబ ቚ
మ .               (1) 
where S(f) is the power spectral density of the time series; ݂݀ is the frequency interval, which is computed as 
௦݂/N; N is the number of frequency bins, ௦݂ is the sampling rate, and s
2 is the noise variance of the estimated 
autoregressive model of the time series; a is an array that contains the coefficients of the autoregressive model. a = 
[1, a1, a2, … , an], where n is autoregressive order. In this study, the autoregressive order was 16; number of 
frequency bins was 1024. 
3. Results and discussion 
3.1. Time domain results 
Fig.3 shows the relation between hardness and the magnetic Barkhausen noise peak values. As hardness 
decreases from 452 HV to 220 HV, the magnetic Barkhausen noise increases gradually from 0.193 V to 0.299 V. 
The relation between hardness and magnetic Barkhausen noise peaks can be expressed by a fitting curve as 
depicted in Fig.3 using the following equation: 
 M = a + b݁ಹ೟ ,                  (2) 
where H is hardness, and M is the magnetic Barkhausen noise peak value. The amounts of the parameters of Eq. (2) 
are shown in Table 3. The adjusted R-square is 1. 
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Fig. 3. Measured hardness of hot-stamped specimens and corresponding magnetic Barkhausen noise peak values. 
 
Table 3. Parameters of the fitting cure. 
Parameter a b t Adj. R-Square 
Value 0.3335 -0.0084 -160.4192 1 
 
Magnetic domain wall in soft magnetic material can move easily as there are fewer obstacles than in the hard 
material. Accordingly the magnetic Barkhausen noise in soft material has bigger value (Franco et al., 2013). When 
the Hardness of the high strength steel specimen is 452 HV, the main microstructure in the specimen is martensite. 
As there are many crystalline defects in the martensite, the movement of magnetic domain wall will be more 
difficult, which results in smaller magnetic Barkhausen noise value. The substantial correlation between hardness 
of the high strength steel specimen shows a great prospect of magnetic Barkhausen noise in hot-stamped high 
strength steel parts. However, on the one hand, weak signal like magnetic Barkhausen noise can be easily 
interfered by environmental noise. On the other hand, as a complex noise signal consisted by high frequency 
signals, it has never been reported in literature that all the signal components are dependent to hardness. On the 
purpose of restraining the interference signal, frequency domain method was used.  
 
3.2. Frequency domain results 
 
In fact, there are already some frequency domain studies on magnetic Barkhausen noise like using fast Fourier 
transform (Yamaura et al., 2001, Moorthy et al., 2005, Kawazoe et al., 2013). However, fast Fourier transform is 
better suited for harmonic signal. Fig. 4. shows the power spectral density of the measured magnetic Barkhausen 
noise signal based on fast Fourier transform. It can be seen from the figure that frequency components of the 
magnetic Barkhausen noise are quite complicated and not easy for identified. Fig. 5 shows the power spectral 
density of the measured magnetic Barkhausen noise based on autoregressive modeling as introduced in section 2.3. 
In this paper, the autoregressive order is 16. The peaks of the power spectral density are clearly showed. In the 
range 0~25 kHz, there are four peaks. The frequency values are pointed out in Fig. 5. 
 
Fig. 4. Power spectrum density of measured magnetic Barkhausen 
noise signal based on fast Fourier transform (length of signal=10s). 
Fig. 5. Power spectrum density of measured magnetic Barkhausen 
noise signal based on autoregressive modelling (length of signal=10s). 
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In order to find out the relation between hardness of the high strength steel specimen and the power spectral 
density of magnetic Barkhausen noise, the four peaks changing with hardness are studied as shown in Fig. 6. The 
values of peak 1~3 increase as hardness decrease, which accord with the tendency in time domain. However, the 
values of peak 4 seem independent to hardness.  
Fig. 7 shows the normalized peak values of power spectral density as a function of hardness. Values of peak 1~3 
have a consistent tendency with hardness. The results show that signal components in peak 1~3 are dependent to 
the hardness of high strength steel. It is also found that signal component in peak 4 is independent to hardness, 
which cannot be found in the time domain results. The relation between the values of peak 1~3 and hardness can 
be expressed by the following equation, which is a linear function.  
 
Mכ = a + bH,                  (3) 
 
where H is hardness, and Mכ is the normalized peak values of power spectral density of magnetic Barkhausen 
noise. Parameters of Eq. (4) are shown in Table 4. The adjusted R-square is 0.968. It can be seen from the equation 
that, in the frequency domain, magnetic Barkhausen noise increases linearly as hardness decreases, which is 
different from the time domain result. The different between frequency domain results and time domain results 
may be caused by independent signal components. Using the frequency analysis, dependent and independent signal 
components in the magnetic Barkhausen noise signal can be identified and separated easily.  
 
Fig. 6. Peak values of power spectral density as a function of 
hardness. 
Fig. 7. Normalized peak values of power spectral density as a function of 
Hardness. 
 
Table 4. Parameters of the fitting cure. 
Parameter a b Adj. R-Square 
Value 1.6973 -0.00158 0.968 
 
4. Conclusion 
 
As a phenomenon affected significantly by the microstructure of ferromagnetic, magnetic Barkhausen noise can 
be used as a powerful tool for field quick test in the hot-stamped high strength steel components. The measurement 
of hardness does not cause any damage to the surface of the hot-stamped high strength steel parts. In the paper, a 
hardness measurement system based on magnetic Barkhausen noise was set up. Magnetic Barkhausen noise signals 
of hot-stamped high strength steel specimen are analysed. In the time domain, peak values of magnetic Barkhausen 
noise increase as harness decrease.  
In the frequency domain, the autoregressive modelling was employed to compute the power spectral density of 
magnetic Barkhausen noise signal. Using this method peaks of power spectral density are easy to be identified. In 
this study, the autoregressive order was 16, which leads to four peaks in power spectral density in the frequency 
range 0~25k Hz. On one hand, the values of peak 1~3 increase as hardness decrease. On the other hand, peak 4 is 
independent to the hardness. Using this frequency method, independent signal components in frequency domain 
can be easily identified and eliminated. Accordingly, the measurement accuracy of hardness can be improved. 
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